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PERSISTENCE OF SEMINAL CONSTITUENTS IN VAGINAL DRAINAGE 
SAMPLES  
 
TAYLOR LYNNE BERRENA 
 
ABSTRACT 
Sex-related crimes are commonly encountered by forensic serologists and 
deoxyribonucleic acid (DNA) analysts who are tasked with detecting, screening, and 
analyzing seminal evidence.  Traditional semen screening involves acid phosphatase (AP) 
testing, a microscopic examination for spermatozoa (sperm), prostate specific antigen 
(PSA) testing, and semenogelin (Sg) testing.  Understanding the persistence of these 
seminal components is valuable to forensic analysts for a multitude of reasons.  Although 
results can be variable, there is a massive amount of literature and a general understanding 
of the persistence of seminal acid phosphatase (SAP), sperm, PSA, and Sg when collected 
via post-coital vaginal swabs.  However, despite the potential advantages, no formal study 
has been performed to determine the persistence of these seminal components in vaginal 
drainage samples.  The objective of this study was to gain a better understanding of the 
persistence of AP, sperm, PSA, and Sg in post-coital vaginal drainage samples by 
collecting donor packets from individuals who engaged in intercourse with full ejaculation 
into the vagina and wore a series of panty liners to collect post-coital vaginal drainage for 
120 hours (5 days).  Once collected, the panty liners underwent traditional semen screening 
in order to determine the maximum persistence of these seminal components.  In this study, 
the maximum persistence of a purple color change during AP testing ranged from 10 hours 
to 39.1 hours for post-coital vaginal drainage samples.  The maximum persistence values 
vi 
of intact sperm ranged from 5.8 hours to 6.7 hours, while the maximum persistence values 
of sperm heads ranged from 0 hours to 119.6 hours.  The maximum persistence values of 
PSA ranged from 4.5 hours to 47 hours, while the maximum persistence values for Sg 
ranged from 0 hours to 42.5 hours.   
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1. INTRODUCTION 
1.1 Traditional Semen Screening 
 In private and public forensic crime laboratories, forensic serologists and 
deoxyribonucleic acid (DNA) analysts are tasked with handling evidence from several 
different types of cases.  This includes detecting, screening, and analyzing seminal 
evidence in sex-related crimes, such as sexual assaults and rapes.  Sex-related crimes tend 
to comprise a great deal of a forensic serologist’s and DNA analyst’s caseload [1].  Since 
not all rape or sexual assault victims report their assault to law enforcement or have 
evidence collected, the sex-related criminal cases that are submitted to crime laboratories 
are considered an underestimate of all the sex-related crimes that occur.  Sexual assault and 
rape can involve digital, anal, oral, and/or vaginal penetration.  Vaginal penetration tends 
to be the most frequent type of sexual assault [2, 3].  Based on the sex-related crimes that 
are reported to law enforcement, females tend to constitute the majority of rape or sexual 
assault victims [2, 3]. 
Proof of rape or sexual assault rests mainly on discovering evidence of penetration 
through at least one body orifice in a nonconsensual manner by using or threatening to use 
force or violence [4-6].  This evidence does not necessarily mean finding spermatozoa 
(sperm) since it is possible for intercourse to have occurred without any sperm being 
deposited.  For example, intercourse can occur without deposition of sperm if ejaculation 
does not occur, if sperm and other seminal evidence is lost through vaginal drainage or 
degradation, or if the male is vasectomized or suffers from oligospermia [7, 8].  However, 
detecting sperm and/or other seminal constituents strengthens a forensic analyst’s findings 
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supporting the presence of semen and may affect the outcome of a case [4, 5].  Currently, 
the seminal evidence considered during traditional semen screening of sex-related crimes 
includes detection of seminal acid phosphatase (SAP), sperm, prostate specific antigen 
(PSA), and semenogelin (Sg). 
In discovering these seminal components, it is possible for a forensic analyst to 
estimate the post-coital interval (PCI).  PCI refers to the amount of time between 
intercourse and sample collection.  Understanding the maximum persistence of these 
seminal components is valuable to forensic science for a number of reasons, such as 
reconstructing the events of an alleged crime and corroborating alibies or testimonies.  Not 
only is this information applicable to living victims of sexual assault or rape, but also to 
deceased victims by using these persistence values to determine the behavior or actions of 
the deceased when they were alive, including whether semen was deposited at or around 
the time of death [7].  A multitude of volunteer-based and sex-related criminal casework 
post-coital studies have been performed with variable results to determine the maximum 
persistence of sperm and other seminal components in the vagina or lower female genital 
tract.   
 
1.1.1 Acid Phosphatase Testing 
 Acid phosphatase (AP) testing is utilized in forensic crime laboratories as a 
preliminary screening tool for semen by indicating whether or not SAP is present.  AP 
testing, as well as other preliminary screening tools, guide the forensic analyst towards the 
next phase or step of analysis.   AP testing allows the analyst to infer whether or not semen 
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is likely to be present and approximately how much is present in the sample [9].  AP is 
utilized as a preliminary screening tool for semen because it is an enzyme found in high 
concentrations in semen and is typically undetectable in other body fluids, including saliva 
and blood, as well as in non-biological products that may be present when analyzing 
seminal evidence, such as resorcinol, lubricant, and contraceptive foam [10-12].  A positive 
result from AP testing may indicate that an analyst should proceed on to confirmatory 
testing for semen in the form of a microscopic sperm search or secondary screening in the 
form of PSA or Sg lateral flow immunochromatographic assay card testing.   
Schiff considered a positive AP reaction to be when an intense purple color change 
occurred immediately or within 5 seconds [13].  Similarly, Davies considered an intense 
purple color change to be a strong indication of semen, but extended the time limit slightly 
to 10 seconds [9].  This finding contradicts a previous study on persistence of AP performed 
by Davies and Wilson indicating that a color change within 30 seconds is strongly 
indicative of semen [14].  A more recent study concluded that a reaction within 10 seconds 
is not more strongly indicative of semen than a reaction within 30 seconds [15].  Therefore, 
an intense purple reaction within 30 seconds can be considered strongly indicative of 
semen, but sperm positive samples have been observed with AP reaction times greater than 
60 seconds [15].  It is important to note these reaction times generally apply to post-coital 
vaginal swab samples collected within a relatively short period of time following 
intercourse and the reaction times may be extended for post-coital vaginal swab samples 
collected farther out from intercourse.  
4 
One major challenge associated with AP testing that prevents it from being utilized 
as a confirmatory test for semen is the difficulty in distinguishing SAP from endogenous 
vaginal acid phosphatase (VAP).  Several studies have demonstrated that endogenous VAP 
is always present in the vagina of females regardless of whether or not intercourse occurred 
[16-18].  Therefore, AP is not semen-specific or male-specific.  Along with vaginal 
secretions, the AP test has also been shown to exhibit weak positive results for rooster 
semen as well as anal/rectal swabs [10, 19].   
In terms of reaction time, endogenous VAP has been shown to exhibit positive AP 
reactions as quickly as 30 seconds, but AP reactions below 65 seconds are considered to 
be less common in some studies [9, 14].  Davies and Wilson’s study demonstrates that 
endogenous VAP generally reacts between 40 seconds and 200 seconds (3 minutes and 20 
seconds) with an average between 90 seconds to 100 seconds [14].  While a pink color 
change can be considered suggestive of endogenous VAP as opposed to SAP, endogenous 
VAP has also been shown to react with a rapid purple color change similar to SAP [11].  
Studies suggest that in recently collected post-coital vaginal swabs following intercourse, 
an AP reaction time within 30 seconds can be considered strongly indicative of semen and 
the likelihood of detecting semen diminishes after 30 seconds [14, 15]. 
 Although efforts have been made to distinguish between SAP and endogenous VAP 
based on AP reaction times, these AP reaction times can only be considered a guide at best 
due to the overlap between SAP and endogenous VAP.  Also, several studies have 
demonstrated that there is considerable variation in SAP and endogenous VAP levels 
among different individuals and between samples from the same individuals which can 
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result in various AP reaction times [12, 14, 20].  This variation accounts for a sample with 
a negative AP result or slow AP reaction in which sperm is still observed or a sample with 
a positive AP result or quick AP reaction in which sperm is not observed [14, 15, 18, 20, 
21].   
 Variation between SAP and endogenous VAP complicates any meaningful 
interpretations of their persistence based upon reaction time alone.  The likelihood of 
retaining a reaction time of less than 30 seconds decreases after 48 hours [14].  However, 
interpretations of reaction times that may be greater than 60 seconds is difficult because 
endogenous VAP has been shown to exhibit a reaction time greater than 60 seconds at all 
PCIs [15].  Therefore, although a decrease in SAP has been demonstrated by a decrease in 
AP activity after intercourse, the difference in detectable AP activity between SAP and 
endogenous VAP is not understood well enough yet to relate AP reaction times to PCI [12]. 
 Several studies have been performed in both volunteer-based and sex-related 
criminal casework studies in order to determine the maximum persistence of SAP.  While 
AP testing is only considered a preliminary screening tool for semen, AP has been shown 
to retain activity up to 1 year when dried and stored properly, which can be incredibly 
valuable if AP is the only piece of seminal evidence found in a sample that can be used for 
interpretation [14].  Generally, both types of studies have demonstrated a maximum 
persistence of 2 days on swabs collected from the vagina [18, 22-24].  Although Davies 
and Wilson’s volunteer-based study found that SAP persisted to a maximum of 3 days, it 
was concluded that it was rarely useful after 2 days and persisted most commonly up to 1 
day [14].  A maximum persistence of 2 days corresponds with previous findings that AP 
6 
returns to endogenous levels after about 2 days [14, 25].  In reviewing the literature, which 
primarily reports on post-coital vaginal swabs, the persistence values for SAP range from 
15 hours to 48 hours for sex-related criminal casework while volunteer-based studies 
ranged from 14 hours to 3 days [8, 12-14, 16-18, 21-24, 26-29].   
 
1.1.2 Microscopic Examination for Spermatozoa 
 The microscopic examination and observation of spermatozoa is considered the 
only true confirmatory test for semen.  Sperm cells consist of three major portions: the 
head, the midpiece, and the tail, as depicted in Figure 1.  The sperm head houses the nuclear 
material of the cell and its anterior portion contains the acrosome, which assists the sperm 
with entry into the egg during fertilization.  When sperm cells are stained with Kernechtrot-
picroindigocarmine (KPIC), also known as Christmas Tree Stain, the red stain utilized 
stains the nuclear material or DNA in the sperm head red.  Since the acrosome does not 
contain nuclear material, it does not absorb the red stain and appears clear or pinkish.  The 
midpiece connects the sperm head to the sperm tail, which enables motility of the sperm.  
Both the midpiece and the tail appear green when stained with KPIC.   
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Figure 1.  Three main portions of an intact sperm cell under KPIC staining.  (A) 
Sperm head stained red with the acrosome in pink; (B) Midpiece stained green; and (C)  
Sperm tail stained green. 
 
 When the sperm enters the vagina or endocervical cavity, extracellular fluids 
containing neutrophils and mononuclear cells begin to degrade the sperm via phagocytosis 
[30].  Over time, the sperm lose their motility, undergo death, and become fragmented, 
which usually manifests by the midpiece and tail breaking off, leaving the sperm head [30].  
Essentially, the sperm cell undergoes three stages of degradation that can be utilized to 
gauge the PCI.  First, the sperm enters the vagina or cervical canal as a living, motile, intact 
sperm before eventually dying.  Then, the sperm is nonmotile, but remains intact for a 
period of time.  Finally, the sperm gradually begins to fragment with the more fragile parts, 
the midpiece and the sperm tail, breaking off from the sperm head.  The sperm head is 
considered the most persistent portion of the sperm cell.  Therefore, sperm is considered to 
be a highly persistent, valuable piece of seminal evidence. 
 Given the importance of DNA in identifying a male contributor in a semen or post-
coital sample, the sperm head is of major interest to DNA analysts since it contains the 
nuclear material of the cell.  Although they are more fragile and do not contain nuclear 
material that can be utilized for DNA analysis, the sperm tails can also potentially provide 
important information regarding the PCI.  Although Silverman and Silverman’s study 
A 
B 
C 
8 
criticized the correlation between the loss of sperm tails and PCI, a more recent study 
demonstrated that the presence as well as the absence of sperm tails can provide useful 
information regarding the PCI [15, 31].   
  Given the importance of observing sperm in seminal evidence, there is a massive 
amount of literature on the persistence of sperm in the vagina and cervical canal and how 
motility and the presence or absence of sperm tails relates to the PCI.  With regards to the 
maximum persistence of motile sperm in the vagina, sex-related criminal casework studies 
range from 30 minutes to 6 hours, while volunteer-based studies report a maximum 
persistence of 12 hours [4, 32-34].  For persistence of intact sperm in the vagina, sex-related 
criminal casework studies range from 6 hours to 43 hours, while volunteer-based studies 
range from 16 hours to 72 hours [4, 7, 14, 15, 29, 35, 36].  Persistence of sperm heads in 
the vagina using mainly post-coital vaginal swabs from sex-related criminal casework 
range from 14 hours to somewhere between 8 days to 14 days, while volunteer-based 
studies range from 16 hours to 9 days [4, 5, 7, 13-15, 17, 21, 22, 26, 27, 29, 31-33, 35-38].   
 
1.1.3 Prostate Specific Antigen Testing 
 PSA, also known as p30, is a glycoprotein that has been isolated as an enzyme 
marker for semen and has been utilized in lateral flow immunochromatographic cards [39].  
Immunoassay cards are typically used as a secondary screening tool when no sperm are 
observed during a microscopic examination.  The supernatant obtained during extraction 
is utilized for immunoassay card testing.  The supernatant does not contain sperm which 
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forms a pellet at the bottom of the tube following centrifugation, so no DNA is consumed 
during immunoassay card testing [40].   
Despite the name, PSA is not specific to the prostate, semen, or males and can be 
found in low levels in other bodily fluids as well as in female urine [10, 19].  Although the 
likelihood of detecting PSA from these other bodily fluids is typically low, there have been 
studies in which breast milk, menstrual and non-menstrual vaginal samples, post-ejaculate 
and pre-ejaculate male urine, and pre-ejaculate emission fluid as well as contraceptive 
foam, liquid bleach, and douching products reacted positively with immunoassay cards 
[10, 19, 41-43].  However, studies have also demonstrated the rarity of encountering false 
negatives with semen samples as well as the ability to detect semen in samples mixed with 
other bodily fluids and spermicides [10, 19, 43].  Furthermore, six different microorganism 
species, non-biological products such as sexual lubricants, spermicides, and resorcinol, and 
other bodily fluids, including semen from roosters, pigs, bulls, stallions, dogs, and cats, 
male sweat, female urine, breast milk, and urine from prepubertal boys as well as blood, 
saliva, and anal/rectal swabs from both males and females have produced negative results 
with immunoassay cards [8, 10, 19, 40, 43]. 
The value of PSA testing rests on the fact that PSA is a prostatic gland secretion, 
so it can be found in high levels of healthy men, including vasectomized men and those 
exhibiting oligospermia and azoospermia [8, 42, 44].  Since PSA is not semen-specific it 
cannot be considered a confirmatory test for semen, however, PSA testing is considered to 
be a more sensitive, specific, and reliable method than AP testing and is frequently utilized 
as a secondary screening tool for semen [8, 45]. 
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 Reported maximum persistence values using mainly post-coital vaginal swabs 
range from 5 hours to 19 hours for sex-related criminal casework, while volunteer-based 
studies ranged from 13 hours to 47 hours [8, 10, 22, 28, 36, 42-44, 46].  Based on these 
findings, sperm appears to generally persist longer than proteins or other enzymes. 
 
1.1.4 Semenogelin Testing 
 Similar to PSA, Sg, also known as seminal vesicle-specific antigen (SVSA), is a 
protein that has been isolated as a marker for semen and has been utilized in immunoassay 
cards [19].  Sg testing is considered to be more sensitive and specific than PSA and AP 
testing and is found in higher concentrations is semen than PSA [19, 28].  Semen mixed 
with other body fluids and spermicides have both exhibited positive results with Sg 
immunoassay cards, and sexual lubricants or contraceptive solutions did not reduce the 
intensity of the bands on these immunoassay cards when mixed with semen [19, 28].  
Human bodily fluids, such as urine, blood, saliva, sweat, and feces from both males and 
females and breast milk, non-human specimens, including semen from roosters, bulls, cats, 
dogs, goats, horses, mice, pigs, and sheep, and non-biological products, such as sexual 
lubricants, contraceptive solutions, and spermicides, produced a negative result when 
tested with Sg immunoassay cards [19, 28].  Although Sg is present in certain body tissues, 
Sg is still considered to be a superior marker for semen than PSA because tissue samples 
are rarely encountered in forensic crime laboratories and Sg has not been detected in other 
bodily fluids in which PSA has been detected [19]. 
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 There is a scarcity of literature regarding the persistence of Sg using post-coital 
vaginal swabs, but one study has demonstrated that Sg exhibits a maximum persistence of 
2 days, which is similar to PSA in volunteer-based samples [28].  Given that a function of 
PSA is to liquify semen by breaking down the Sg or matrix surrounding sperm, it is likely 
that the persistence values exhibited in the literature regarding PSA would be similar or 
greater than the persistence of Sg [19].  However, the degradation and stability of Sg is less 
clear than PSA, so further research is needed [19, 28].  
 
1.2 Factors Affecting Post-Coital Interval  
 There are a multitude of factors that can affect the persistence of SAP, PSA, Sg, 
and sperm.   
 
1.2.1 Concentration of Semen 
 Concentration of semen has been suggested to affect interpretations regarding the 
persistence of seminal evidence [31].  For example, interrupted coitus, in which full 
ejaculation does not occur within the vagina or cervical canal in order to avoid 
insemination, has been suggested to reduce recovery of sperm [31].  Other studies have 
found that multiple intercourse events can result in greater sperm recovery than a single 
intercourse event because a greater volume of semen is being deposited into the vagina or 
cervical canal [1, 7, 37, 38].  However, in a study involving fertile males and males 
experiencing normospermia, oligospermia, or azoospermia, AP and PSA were not found 
to be related to sperm concentration [45].  These findings relating semen concentration to 
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sperm, SAP, and PSA recovery should be taken into consideration when a victim has one 
or multiple partners or engaged in recent intercourse prior to an alleged assault or rape.   
One major challenge in relating semen concentration to the anticipated recovery of 
seminal evidence is that the exact concentration of semen initially deposited is unknown, 
even in volunteer-based studies.  Also, there is subjectivity associated with assigning a 
score or concentration to sperm observed in semen samples as well as preparing a slide for 
the microscopic examination [7, 35].  Furthermore, sometimes semen samples contain 
epithelial cells or other debris that may mask or appear similar to sperm cells which can 
make identification of sperm challenging, especially in dilute samples. 
 
1.2.2 Mechanical Vaginal Drainage  
 Mechanical vaginal drainage has been suggested to result in a loss of seminal 
evidence and can result in further dilution and masking of whatever seminal evidence 
remains in the vagina, leading to false negatives [7, 9, 14, 47].  In reviewing the literature, 
sperm tends to persist longer in the cervical canal as opposed to the vagina [4, 31, 35, 37, 
48].  The enhanced retention of sperm in the cervical canal as opposed to the vagina is 
consistent with the body’s function to retain sperm for fertilization and eventually, 
pregnancy [4].   
 
1.2.3 Hygienic Practices 
 Showering, bathing, or washing has been reported to have an adverse effect on the 
persistence of semen and interpreting the PCI.  Several studies have suggested that these 
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practices enhance vaginal drainage and further dilute a potential semen sample which can 
result in false negatives [7, 14, 18, 24, 38].  Although Randall’s study suggested that these 
practices are expected to reduce sperm recovery, all participants submitting samples 
showered, bathed, or washed, so no meaningful comparisons or interpretations between 
those who did or did not engage in these practices could be made [38].  In contrast, a more 
recent study indicated that these practices were not found to have a significant impact on 
sperm retention [47].   
 Douching has also been suggested to have an adverse effect on interpreting the PCI 
by washing out any seminal evidence that may be present in the vagina in order to clean 
out residual menstrual blood or prevent pregnancy.  Studies have suggested that this 
practice reduces sperm recovery as well as AP activity [16, 18, 31, 38].  However, few 
studies explore the effect of douching on the recovery of seminal evidence, so the 
meaningful interpretations that can be made are limited.  
 
1.2.4 Birth Control Measures 
 Given that the purpose of birth control is to reduce the probability of pregnancy, 
some of these practices result in a reduction in sperm and/or other seminal evidence.  Since 
vasectomies are performed and condoms are utilized to prevent the entry of sperm into the 
vagina, the likelihood of these measures resulting in a reduction of sperm has been noted 
in post-coital studies [31, 38].  Oral contraceptives, such as birth control pills, have been 
suggested to reduce sperm recovery since a hostile vaginal environment or 
pseudopregnancy state is created that is not conducive to sperm retention [13, 31, 38].  
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Vaginal suppositories which are utilized when oral ingestion is not possible have also been 
suggested to reduce AP activity [18].  Other birth control measures, including intrauterine 
devices (IUD), diaphragms, contraceptive foams, and tubal ligation, are expected to reduce 
sperm recovery, but like douching, too few studies have been conducted to make any 
meaningful interpretations [38]. 
 
1.2.5 Vaginal Health and Gynecologic Conditions 
 Vaginitis, cervicitis, pelvic inflammatory disease, and other urogenital pathologies 
have not demonstrated a significant effect on AP testing [16, 18].  However, it has been 
suggested that certain unspecified vaginal pathologies do have the potential to affect AP 
activity [18].  This conclusion is supported by the assertion that high levels of bacteria can 
result in rapid AP reaction times [14].  Pregnancy has also been suggested to reduce sperm 
recovery and result in rapid AP reaction times [14, 31].  Perceived vulnerability, such as 
pregnancy or disability, has been noted as a factor in a large proportion of sex-related 
criminal casework which emphasizes the importance of understanding the persistence and 
expected recovery of sperm and other seminal evidence in pregnant females [2].   
 Several studies have suggested that menstruation can enhance vaginal drainage, 
reduce AP activity, and further dilute semen [14, 24].  However, motile sperm have been 
found to survive an average of one hour longer in menstruating females compared to non-
menstruating females at an average of 3 hours [4].  The menstrual interval or time since 
the end of the last menstrual period has also been indicated to affect the retention of sperm.  
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For example, Morrison’s study found that sperm persisted longer if intercourse occurred 
within the first 14 days following a menstrual period [37]. 
 
1.2.6 Mobility and Body Position 
 Multiple studies have suggested that walking, exercising, or standing tends to result 
in more seminal drainage than lying down, sleeping, or inactivity [4, 7, 13, 44, 47].  For 
example, Willott and Allard’s study suggests that enhanced drainage is likely reflected in 
sex-related crimes where a victim is vigorously moving or running to defend against or 
escape from an assailant [35].  Therefore, enhanced mobility along with a vertical body 
position in which the vagina is parallel to gravity tends to enhance drainage.  This assertion 
is further supported by sex-related criminal casework in which intact sperm and PSA were 
found in the vagina of deceased sexual assault victims after long stretches of time ranging 
from 16 days to 4 months [4, 49-51].  While cold temperature, climate, favorable weather 
conditions, and shrubbery nearby providing shade likely contributed to the preservation of 
seminal components in some of these cases, lack of mobility and horizontal position of the 
body perpendicular to gravity were likely contributing factors as well [50, 51].  However, 
this enhanced retention does not apply to motile sperm.  Sharpe’s study found that deceased 
victims only showed motile sperm up to a maximum of 2 hours compared to living victims 
who showed a maximum persistence of 6 hours [4]. 
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1.3 Study Objectives  
 The objective of this study is to investigate the persistence of seminal constituents 
in vaginal drainage samples.   There is a massive amount of literature regarding the 
persistence of sperm and other seminal components using vaginal swabs.  While vaginal 
swabs are considered the ideal method for collecting seminal evidence in sex-related 
crimes, they are only useful if properly collected by a medical professional within a 
relatively short period of time when seminal evidence is still likely to be present.  If a 
victim does not submit to a SAECK within a designated time frame (usually 3-5 days), 
then the detection of probative evidence may not be possible [52].   
There is a shortage of literature on the persistence of seminal evidence in vaginal 
drainage samples.  Vaginal drainage is a natural, passive process that occurs daily without 
the need of invasive medical intervention, like vaginal swabs or smears.  Vaginal drainage 
can begin soon after intercourse onto fabric, such as underwear, and continue well after 
seminal evidence is no longer present.  While deposition of semen onto clothing or fabric 
requires the analyst to search a larger area to find the staining, deposition of semen onto 
clothing or fabric dries faster than swabs and remains detectable for long periods of time 
unlike semen contained in the vagina waiting for collection [1].  SAECKs involve the 
collection of vaginal swabs and/or smears, but are only collected within a limited time 
frame based upon the likelihood of obtaining sperm and other seminal evidence.  Therefore, 
a better understanding of the persistence of seminal components from vaginal drainage 
samples could increase the probative value of a piece of evidence, such as underwear, from 
an individual who does not have a SAECK collected within the designated time frame. 
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2. MATERIALS AND METHODS 
2.1 Donor Packets  
 Donor packets containing a series of items and paperwork vital to conducting this 
study were compiled and distributed to participants in accordance with approved 
Institutional Review Board procedures.  The paperwork in the donor packets consisted of 
an informed consent form, a copy of instructions, and a survey/questionnaire.  Fifteen 
regular, unscented, wingless Up & UpTM panty liners (Target Corporation, Minneapolis, 
MN) as well as fifteen pre-labelled white business envelopes were also included in each 
donor packet.  A manila envelope was also provided for return shipping. 
 
2.1.1 Donor Packet Instructions 
 The instructions provided detailed the purpose of collecting post-coital vaginal 
drainage samples for this study, how to collect post-coital vaginal drainage samples, the 
items provided to collect post-coital vaginal drainage samples, and how to return or ship 
the donor packets to the program.  Since a microscopic examination for sperm as well as 
testing for AP, PSA, and Sg, would be conducted, male and female participants were 
instructed not to wear a condom in order to engage in intercourse that would result in full 
ejaculation into the vagina.   
In order to isolate the results for the AP, PSA, and Sg tests as well as microscopic 
examinations of sperm to one intercourse event, it was requested that the participants select 
a time for intercourse for this study that was at least five days after their most recent 
intercourse event.  Similarly, that participants were encouraged to abstain from engaging 
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in a second intercourse event until after the completion of this study or after 120 hours (5 
days).  It was also requested that participants select a time for the intercourse for this study 
that was at least five days out from the estimated start of their next menstrual cycle.   
 Once the participants engaged in the intercourse event that would be used for this 
study, participants had the option of applying the first panty liner immediately after 
intercourse or up to 12 hours after intercourse.  Since the main aim of this study was to 
determine how long AP, PSA, Sg, and sperm persist after intercourse, it was not deemed 
important to request that participants apply the panty liner immediately after intercourse.  
The likelihood of finding these seminal components very close to the intercourse event was 
considered to be very probable and not probative in terms of determining the persistence 
of these seminal components.    
 A specific duration for which the panty liners must be worn was not specified, but 
it was requested that the panty liners be changed at least twice a day in order to narrow 
down a range in which seminal components may persist following intercourse.  After 
changing out the first panty liner for the next, it was requested that the previous panty liner 
be air-dried completely before packaging in a business envelope.  Each business envelope 
contained a label on the outside with a donor number and a series of questions the female 
participants were asked to fill out after packaging the panty liner.  The questions mainly 
centered around the timing and dates of intercourse, ejaculation, and duration of contact 
with the panty liners as well as the activities in which the female participant engaged in 
prior to or while wearing a panty liner that may affect vaginal drainage.   
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 This process continued until the completion of the study after 120 hours (5 days), 
until all panty liners were used, or until the participant stopped collecting panty liners.  
Once the panty liners were packaged and all the labels on the envelopes were filled out, it 
was requested that the participants fill out a brief two question survey/questionnaire at the 
end regarding whether or not the male participant was vasectomized and whether or not a 
second intercourse event had occurred within the course of the study.   
 
2.2 Visual Examination and Alternate Light Sources  
 Potential biological stains were detected and visualized on each panty liner via a 
visual examination in white or ambient light as well as under two different alternate light 
sources (ALS) as depicted in Figure 2.  The two wavelength ranges utilized were from the 
ultraviolet range (~350 nm to ~400 nm) and the blue light range (~445 nm to ~495 nm) 
because these ranges are typically utilized when screening for potential biological fluids.  
After locating these potential biological stains, the panty liners were subjected to AP 
testing. 
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Figure 2. Examples of three separate panty liners from the visual and ALS 
examinations.  (A) Photograph of a panty liner taken during the visual examination under 
white or ambient light; (B) Photograph of a panty liner taken under blue light and orange 
barrier filter; and (C) Photograph of a panty liner taken under ultraviolet light. 
 
2.3 Acid Phosphatase Testing 
Cuttings approximately 2 mm2 in size were obtained from three different areas that 
exhibited staining on each panty liner and tested for the presence of AP using the Acid 
Phosphatase Spot Test reagent (Serological Research Institute, Richmond, CA).  Three 
separate cuttings were obtained from each panty liner in order to account for the fact that 
the participant may have moved around or settled in various positions when wearing the 
panty liner, thus AP testing was performed on three stained areas per panty liner.  If staining 
was not observed or the stains were so small that three cuttings could not be obtained, then 
cuttings were taken from unstained areas.  Also, it was taken into consideration that there 
may have been an inconsistent or variable flow of vaginal drainage at various times or in 
different areas of the panty liner.  The areas selected for testing were based upon the areas 
in which staining was observed in both the visual examination and when viewed under 
A 
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both ALS ranges.  The reagent used for testing was prepared based upon manufacturer 
recommendations (0.26 g per 10 mL of deionized water).  Approximately 2 drops of the 
reagent were added to each cutting and each cutting was observed to determine whether or 
not a color change occurred within five minutes.   
A positive result was recorded when a color change was observed within 1 minute.  
A weak positive result was recorded when a color change was observed between 1 and 5 
minutes.  A negative result was recorded when no color change occurred within 5 minutes.  
With AP testing, a purple color change is generally expected when semen is present.  Any 
indications of a pronounced pink color change during testing were recorded because a pink 
color change may be indicative of endogenous VAP.  The AP testing was conducted on the 
panty liners in chronological order starting closest to the time of ejaculation.  Once two 
consecutive negative results were obtained on all three cuttings, no further AP testing was 
conducted. 
 
2.4 Microscopic Examination for Spermatozoa  
 Based upon the results of the AP testing, another 2 mm2 cutting immediately 
adjacent to the original cutting was taken from the area selected to go forward into the 
microscopic examination for sperm as well as PSA and Sg testing.  These areas were 
selected mainly based on how quickly a color change occurred as well as how much of the 
stain remained after AP testing if the reaction times were comparable.  Each cutting was 
placed in a Costar® 2.0 mL Snap Cap Microcentrifuge Tube (Corning Inc., Corning, NY) 
and 250 µL of deionized water was added.  These microcentrifuge tubes were vortexed for 
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a few seconds before being placed on a rotating orbital shaker to extract for 1 hour.  During 
the extraction process, the microcentrifuge tubes were vortexed periodically every 15 
minutes in order to enhance extraction from the substrate.   
Following the extraction period, each microcentrifuge tube was vortexed again 
before placing the cuttings from each microcentrifuge tube into Costar® Spin-X® Insert 
spin baskets (Corning Inc., Corning, NY).  After placing the spin baskets into the original 
microcentrifuge tubes and closing the tubes, the microcentrifuge tubes were centrifuged 
for 2 minutes at 14,000 rpm in order to separate the cellular component of semen, sperm, 
from the liquid portion or supernatant.  Following centrifugation, the spin baskets were 
discarded and about 220 µL of the supernatant was removed without disturbing the pellet 
formed at the bottom of the tube and retained in a separate microcentrifuge tube for PSA 
and Sg testing. 
Microscopic slides were wiped with a clean KimwipeTM (KIMTECH® Kimberley-
Clark Professionals®, Roswell, GA) to remove any dust or debris and a ¼ inch by ¼ inch 
box was drawn on each microscope slide with a china marker.  The pellet at the bottom of 
the tube was resuspended by mixing with a pipette tip and around 3 µL of the pellet was 
pipetted into the boxes on the slide.  After pipetting the pellet, the pellet was spread to all 
corners and sides until it encompassed the entire area inside the box and heat-fixed with a 
hot plate at around 100°C.   
After heat-fixing each slide, KPIC staining was conducted.  Nuclear fast red (Xmas 
Tree Stain A, Serological Research Institute, Richmond, CA) was applied and allowed to 
absorb for 15 minutes.  After staining for 15 minutes, the microscopic slides were washed 
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with a stream of deionized water until no red stain was observed in the box.  Then, 
picroindigocarmine (Xmas Tree Stain B, Serological Research Institute, Richmond, CA) 
was applied within the box and allowed to absorb for 1 minute.  After staining for 1 minute, 
the microscope slides were washed with ethanol until no green stain was observed in the 
box.  Following the staining process, one small drop of Richard-Allan ScientificTM 
CytosealTM 60 mounting media (Thermo Fisher, Kalamazoo, MI) was added to a cover slip 
before being applied over the stained area on the microscope slides.   
 Each of the microscope slides were viewed under the microscope at 400X 
magnification.  The presence of sperm, epithelial cells, debris, and other observations, such 
as the presence or absence of intact sperm, was noted.  The slides were viewed in 
chronological order starting closest to the time of ejaculation.  Once sperm was not 
observed on two consecutive microscope slides, no further microscopic examination was 
conducted. 
 
2.5 Prostate Specific Antigen Testing 
 The supernatant retained from the extraction process was utilized for PSA testing 
using Seratec® PSA Semiquant immunoassay cards (SERATEC® GmbH, Goettingen, 
Germany).  The microcentrifuge tubes with supernatant were vortexed for a few seconds, 
about 3 drops were added to the sample well of the Seratec® PSA Semiquant immunoassay 
cards, and observed for 10 minutes.   
 A positive result was recorded when three lines were observed within 10 minutes—
one for the control lane, one for the internal standard lane, and one for the test lane.  A 
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negative result was recorded when two lines were observed within 10 minutes—one for 
the control lane and one for the internal standard lane.    A positive and negative result 
using the Seratec® PSA Semiquant immunoassay cards are depicted in Figure 3. 
 
 
Figure 3.  Example of a positive and negative result from Seratec® PSA Semiquant 
immunoassay card testing.  (A) Positive control for human semen depicting a positive 
result which is indicated by three lines; and (B) Negative control depicting a negative result 
which is indicated by two lines in the control lane and the internal standard lane. 
 
2.6 Semenogelin Testing  
 The supernatant retained from the extraction process was utilized for Sg testing 
using RSIDTM-Semen immunoassay cards (Independent Forensics, Lombard, IL).  About 
20 µL of the extract was added to approximately 80 µL of the RSIDTM-Universal Buffer 
(Independent Forensics, Lombard, IL).  The microcentrifuge tube with the supernatant and 
the RSIDTM-Universal Buffer were each vortexed prior to being added together.  Once 
combined, that microcentrifuge tube was once again vortexed, all 100 µL were pipetted in 
the sample well of the RSIDTM-Semen immunoassay card, and the cards were observed for 
10 minutes. 
A B 
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 A positive result was recorded when two lines were observed within 10 minutes—
one for the control lane and one for the test lane.  A negative result was recorded when 
only the control line was observed within 10 minutes.  These two results are depicted in 
Figure 4. 
 
 
Figure 4.  Example of a positive and negative result from RSIDTM-Semen 
immunoassay card testing.  (A) Positive control for human semen depicting a positive 
result which is indicated by two lines; and (B) Negative control depicting a negative result 
which is indicated by one line in the control lane. 
 
 
 
 
 
 
 
A 
B 
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3. RESULTS 
A total of fourteen donor packets were analyzed for the persistence of AP, sperm, 
PSA, and Sg.  The number of panty liners received in each donor packet ranged from 7 to 
15 and the total collection period ranged from 74.5 hours to 167.1 hours.  Based on the 
surveys/questionnaires contained in each donor packet, 4 of the 14 donor packets included 
vasectomized individuals.  None of the surveys/questionnaires in any of the donor packets 
indicated that a second intercourse event occurred during the course of the study.  The 
number of panty liners as well as the total collection period for each donor packet are listed 
in Table 1.  
 
Table 1.  Donor packets collected.  This table lists each of the donor packets and the 
number of panty liners contained in each donor packet as well as the total collection period 
in which the panty liners were collected.   
Donor Packets Number of Panty 
Liners 
Total Collection Period 
1 10 107.6 hours  
2 15 111.6 hours  
3 12 119.6 hours  
4 15 107.6 hours  
5† 15 121.7 hours  
6† 7 74.5 hours  
7 9* 88.5 hours  
8 11 111.8 hours  
9 12 132.5 hours  
10 15 111.8 hours  
11 15 120.4 hours  
12† 15 155 hours 
13† 15 167.1 hours  
14 11 96.9 hours  
*9 total panty liners were received in the donor packet, but only 8 were utilized for 
testing due to lack of information provided on one envelope, including duration and 
specific dates.  
†Donor packets 5, 6, 12, and 13 included vasectomized individuals. 
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3.1 Persistence of Acid Phosphatase 
 All donor packets exhibited AP activity.  The maximum persistence of AP ranged 
from 20 hours to 132.5 hours (average of 81.3 hours).  The maximum persistence for each 
of the donor packets was considered to be the final panty liner in which a positive or weak 
positive result occurred prior to two consecutive negative results or when no panty liners 
were left to test.  A purple color change was considered to be highly indicative of SAP and 
a pink color change was considered to possibly be indicative of VAP.  A pink color change 
was observed during AP testing in 10 out of 14 packets.    For these 10 packets, the 
persistence of a purple color change ranged from 10 hours to 39.1 hours (average of 21.1 
hours).  The maximum persistence of AP as well as the occurrence of a pink and/or purple 
color change for each of the donor packets is depicted in Figure 5. 
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Figure 5.  Maximum persistence of AP for each donor packet.  This graph depicts the 
maximum persistence of AP for each donor packet based upon the last panty liner in which 
a positive or weak positive reaction was obtained or until no more panty liners were left to 
test.  The purple bars indicate how long a purple color change was observed and 
encompasses an area that may be indicative of SAP.  The grey bars indicate where a 
negative AP result occurred between the purple and pink color changes.  The pink bars 
indicate when a pink color change was observed and encompasses an area that may be 
indicative of VAP.  Donor packets 2, 9, 12, and 13 did not exhibit a pink color change 
during the course of AP testing. 
 
 
3.2 Persistence of Spermatozoa  
 Microscope slides were prepared and observed for vasectomized individuals to 
verify the absence of sperm, but these donor packets were not included in any analyses 
regarding sperm persistence.  Only 2 of the 14 donor packets exhibited intact sperm, and 
had maximum persistence values of 5.8 hours and 6.7 hours (average of 6.2 hours).  The 
maximum persistence of sperm heads ranged from 0 hours to 119.6 hours (average of 35.7 
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hours).  The maximum persistence of intact sperm and sperm heads for each donor packet 
are depicted in Figure 6. 
 
 
Figure 6.  Maximum persistence of sperm for each donor packet.  This graph depicts 
the maximum persistence of sperm heads for each of the donor packets (red bars).  Intact 
sperm were only observed during the microscopic examination of donor packets 2 and 11 
(blue bars).  Donor packets 5, 6, 12, and 13 included vasectomized individuals (dark grey 
bars) and were not included in analyses.    
 
3.3 Persistence of Prostate Specific Antigen 
 All donor packets exhibited PSA activity.  The maximum persistence of PSA 
ranged from 4.5 hours to 47 hours (average of 21.4 hours).  The maximum persistence of 
PSA for each donor packet is depicted in Figure 7. 
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Figure 7. Maximum persistence of PSA for each donor packet.  This graph depicts the 
maximum persistence of PSA for each of the donor packets. 
  
      
3.4 Persistence of Semenogelin 
The presence of Sg was detected in 13 of the 14 donor packets.  The maximum 
persistence of Sg ranged from 0 hours to 42.5 hours (average of 13.1 hours).  The maximum 
persistence of Sg for each donor packet is depicted in Figure 8. 
 
36.7
34.5
19.1
13.3
12.2
12
22.5
20.3
29.5
4.5
19.5
47
17
11.9
0 5 10 15 20 25 30 35 40 45 50
1
2
3
4
5
6
7
8
9
10
11
12
13
14
Time (Hours)
D
o
n
o
r 
P
ac
ke
ts
Persistence of PSA
31 
  
Figure 8. Maximum persistence of Sg for each donor packet.  This graph depicts the 
maximum persistence of Sg for each of the donor packets. 
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4. DISCUSSIONS 
For the 10 packets that exhibited a pink color change at some point during AP 
testing, the duration for which a purple color change persisted before a pink color change 
was observed fell within the general 48-hour time interval suggested by several studies 
when interpreting maximum persistence of SAP [14, 18, 22-24].  Therefore, this study on 
post-coital vaginal drainage supports the assertion that AP generally returns to endogenous 
levels at around 48 hours [14, 25].  However, a weakness of this study and sometimes 
volunteer-based post-coital studies in general is the relatively small sample size [35].  SAP 
was expected to return to endogenous VAP levels at some point before the last instance 
sperm was observed on a microscope slide because sperm tends to persist longer than SAP 
and other proteins.  Therefore, if SAP was expected to persist for a shorter duration than 
sperm, then sperm should have persisted longer than or at the same time as the first instance 
of a pink color change.   
This assertion was supported by 4 of the 10 donor packets tested where sperm was 
observed after or at the same time as a pink color change.  In 2 of the 10 donor packets 
tested, a purple color change persisted just as long as sperm.  However, in 2 packets tested 
from non-vasectomized individuals, a purple color change persisted longer than sperm.  
This suggests that the presumption that a purple color change is indicative of SAP and a 
pink color change is indicative of VAP is not always accurate.  While a pink color change 
can be indicative of endogenous VAP, color changes can be relatively subjective, 
especially in dilute samples, and it is possible that endogenous VAP will exhibit a purple 
color change as well.  A study in which vaginal drainage was deposited onto the same pair 
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of underwear over time demonstrated that it is possible for VAP to result in a purple color 
change with a reaction time as low as 45 seconds [11].  Since the panty liners in this study 
were worn for the course of several hours at a time, it is possible that some of the purple 
color changes observed may have derived from a buildup of endogenous VAP, not SAP.  
This could explain the contradictory findings for the 2 packets from non-vasectomized 
individuals and also explain why only a purple color change was observed for 4 packets.  
Also, it is possible that a pink color change may not be due to endogenous VAP 
and may possibly be the result of another substance present in the sample.  After the first 
instances of a pink color change, a few isolated panty liners exhibited a pink-brown color 
change which can be indicative of contraceptive creams [14].  Individuals were not asked 
to indicate whether or not they utilized contraceptive creams nor asked to refrain from 
using contraceptive creams.         
While most of the donor packets that exhibited a less than 30 second AP reaction 
time did have sperm found during the microscopic examination, sperm were not observed 
from the panty liners of two such donor packets from non-vasectomized individuals.  In 
these instances where a purple color change occurs somewhere between 30 seconds to 5 
minutes, PSA and Sg testing should be conducted in order to determine whether or not the 
presence of semen is strongly indicated. 
PSA and Sg activity was demonstrated in nearly all of the panty liners from 
vasectomized individuals that exhibited a less than 30 second reaction time during AP 
testing.  Therefore, similar to the findings for non-vasectomized individuals, the presence 
of semen can still be strongly indicated in the absence of sperm with a reaction time 
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between 30 seconds and 5 minutes during AP testing as well as a positive result during 
PSA and/or Sg testing.  
With regards to the first instance a pink color change was observed during AP 
testing, 9 out of the 10 donor packets exhibited a reaction time between 50 seconds and 3 
minutes.  This coincides with the range suggested by Davies and Wilson between 40 
seconds and 200 seconds which supports the assertion that endogenous VAP may have 
been present [14].  The remaining donor packet exhibited an unusually fast reaction time 
of 20 seconds given that the lowest reaction time exhibited by endogenous VAP has been 
30 seconds [14].  The panty liner in which this occurred was positive for sperm and sperm 
generally persists longer than SAP, so it is possible that even though a pink color change 
occurred there still may have been SAP present as well. 
Only testing of electrophoretic mobility can accurately distinguish SAP from 
endogenous VAP, but this type of analysis is not routinely utilized in forensic crime 
laboratories during traditional semen screening [9, 14, 44].  Also, this study on post-coital 
vaginal drainage demonstrates that a purple color change occurring within 30 seconds is a 
strong indicator of semen and sperm, however, a few panty liners with a strong AP reaction 
did not exhibit sperm for non-vasectomized individuals. 
Since so few donor packets exhibited intact sperm, this study is very limited in the 
interpretations or evaluations that can be made regarding the persistence of intact sperm in 
post-coital vaginal drainage samples.  Of the persistence values ascertained from the 2 
donor packets that did exhibit intact sperm, each was consistent with the persistence values 
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found in the literature for both volunteer-based and sex-related criminal casework studies 
using mainly post-coital vaginal swabs [4, 7, 15, 32, 35, 36].   
Excluding vasectomized individuals, the persistence values of sperm heads fell 
within the comparable maximum persistence values from post-coital vaginal swabs in both 
volunteer-based studies and sex-related criminal casework at 9 days and somewhere 
between 8-14 days, respectively [4, 5, 7, 13-15, 17, 21, 22, 26, 27, 29, 31-33, 35-38].  Only 
1 of the 10 donor packets with non-vasectomized individuals did not exhibit sperm at any 
point during the microscopic examination, but a purple color change did persist for up to 
10.6 hours before a pink color change was observed during AP testing.  While no Sg was 
detected in any of the panty liners from that donor, PSA was detected in up to 36.7 hours 
which does strongly indicate the presence of semen. 
While the maximum persistence value in this study was 119.6 hours for sperm 
heads, it is possible that sperm heads for this donor packet may have persisted longer had 
more panty liners been provided and the collection period been extended.  It is possible 
sperm heads may have persisted longer for all donor packets had the original cutting taken 
for AP testing been utilized in subsequent testing, rather than adjacent cuttings.    
 Although there is an overlap between sex-related criminal casework and volunteer-
based studies in terms of the range of maximum persistence values for PSA using mainly 
post-coital vaginal swabs, 8 of the 14 donor packets exceeded the maximum persistence of 
19 hours found in the literature for sex-related criminal casework [36, 44].  Based on the 
range of maximum persistence values observed in the literature for volunteer-based studies, 
10 of the 14 donor packets fell within the range found in the literature (13 hours to 47 
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hours) and 1 of the donor packets also reached the maximum persistence at 47 hours [8, 
10, 22, 28, 42-44, 46].  Therefore, the persistence values of PSA in this study using post-
coital vaginal drainage samples most closely match the maximum persistence from post-
coital vaginal swabs discovered in volunteer-based studies as opposed to sex-related 
criminal casework.   
 A greater recovery of PSA may have occurred had the buffer provided with the 
Seratec® PSA Semiquant immunoassay cards been utilized instead of deionized water 
based upon the manufacturer’s recommendations [41].  However, DiFrancesco and 
Sutton’s study found that while PSA recovery was enhanced, sperm recovery was 
diminished because the buffer left an oily residue on the microscopic slide, leading to 
incomplete drying and an inability for sperm to be properly heat-fixed [41].  Therefore, in 
order to maximize sperm recovery and avoid taking a third cutting for PSA testing, 
deionized water was utilized instead of the Seratec® PSA Semiquant buffer.  
 While there was a scarcity of literature regarding the persistence of Sg using post-
coital vaginal swabs, all the donor packets exhibited persistence values for Sg within the 
maximum persistence value presented at 2 days for a volunteer study [28].  In terms of how 
Sg compared to PSA, 7 out of the 14 donor packets demonstrated that Sg did not persist as 
long as PSA, 6 of the donor packets demonstrated that Sg persisted as long as PSA, and 
only 1 packet demonstrated that Sg persisted longer than PSA.  It has been noted that the 
degradation and stability of Sg compared to PSA is unclear [19, 28].  Based on this study, 
it appears that Sg persists less than or just as long as PSA and very rarely persists longer 
than PSA.  Therefore, while Sg can be considered more specific than PSA since it has not 
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been shown to occur in other bodily fluids that may contain detectable PSA, Sg may not 
be as useful as the PCI increases. 
 Like PSA testing, using only the RSIDTM Universal Buffer provided with the 
RSIDTM-Semen immunoassay cards during extraction may have enhanced Sg recovery.  
However, in order to conserve the sample and minimize the number of cuttings, one 
solution, which was deionized water, was utilized to extract a cutting for the microscopic 
examination for sperm, PSA testing, and Sg testing as opposed to the buffers provided with 
the immunoassay cards.   
While this study on vaginal drainage samples is consistent with volunteer-based 
post-coital studies on the persistence of SAP, sperm, PSA, and Sg using post-coital vaginal 
swabs, there are limitations in applying the findings in this study and other volunteer-based 
studies to sex-related criminal casework.  These limitations center mainly on the procedure 
utilized by the laboratory, conditions in which samples are collected and applicability to 
real world scenarios.  Caution must be taken when comparing the persistence values found 
in the literature due to variations in methodology as well as staining [7].  In this study and 
other volunteer-based studies, individuals engage in consensual, normal intercourse in 
which full ejaculation occurs, individuals have a good working knowledge of their partner 
and the events that occurred during intercourse, and a number of factors can be controlled.  
While these general conditions can be conducive to understanding how long seminal 
components can be retained under normal, controlled circumstances and can be particularly 
useful for reproductive purposes, volunteer-based studies may not accurately reflect the 
scenarios encountered in sex-related criminal casework [38].  Also, samples obtained from 
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individuals visiting venereal, obstetrics, or gynecological clinics may not be representative 
of the general population as well as victims in casework [18, 31, 37].  
 In sex-related criminal casework, there are a number of conditions that cannot be 
controlled and a number of factors that are unknown.  Sexual dysfunction, including 
erective inadequacy, premature ejaculation, and ejaculatory incompetence, is common 
among those who commit sexual assault and rape, so full ejaculation may not occur [6].  
Also, victims may not know whether or not a condom was worn or if ejaculation occurred 
and the conditions may not be as conducive to sperm recovery as in normal circumstances 
given that the victim may have engaged in a struggle to defend against or escape from an 
assailant [6].  Therefore, the persistence of seminal components in sex-related criminal 
casework is generally expected to be lower than what is encountered in volunteer-based 
studies or under normal circumstances [38].  Sex-related criminal casework studies with a 
massive sample size capable of statistical analysis can be useful in gauging the persistence 
of SAP, sperm, PSA, and Sg [15, 35].  However, the findings in sex-related criminal 
casework studies relating to persistence of seminal evidence from post-coital vaginal swabs 
should be interpreted with caution. 
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5. CONCLUSIONS 
In this study examining post-coital vaginal drainage samples on panty liners, the 
duration of a purple color change during AP testing ranged from 10 hours to 39.1 hours.  
The maximum persistence values of intact sperm ranged from 5.8 hours to 6.7 hours while 
the maximum persistence values of sperm heads ranged from 0 hours to 119.6 hours.  The 
maximum persistence values of PSA ranged from 4.5 hours to 47 hours while the maximum 
persistence values for Sg ranged from 0 hours to 42.5 hours.   
The maximum persistence values for all seminal components analyzed in this study 
using post-coital vaginal drainage samples fell within the ranges previously reported in the 
literature for vaginal swab samples.  However, the interpretations regarding the persistence 
of intact sperm and sperm heads is somewhat limited because only two donor packets 
exhibited intact sperm, 4 out of the 14 donor packets included vasectomized individuals, 
and it is possible that sperm in 1 donor packet may have persisted longer if the collection 
period was extended. 
The interpretations regarding the persistence of SAP is also limited because the 
persistence of SAP was estimated based upon the occurrence of a purple color change 
during AP testing, while a color change that appeared pink was considered indicative of 
VAP.  Basing the persistence of SAP on a purple vs. pink color change is problematic 
because a pink color change can be indicative not only of endogenous VAP, but also other 
substances, such as contraceptive creams.  Further, it is possible for endogenous VAP to 
produce a purple color change like SAP.   
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PSA appeared to generally persist longer than Sg, so although Sg may be more 
specific than PSA, PSA may be more useful for samples collected at greater PCIs.  
However, the stability and degradation of Sg compared to PSA is not well understood, so 
more research involving the degradation and stability of Sg compared to PSA as well as 
post-coital studies involving Sg are needed.  
Although the maximum persistence values for AP, sperm, PSA, and Sg on post-
coital vaginal drainage samples in this study generally coincided with the literature, 
which examines mainly post-coital vaginal swabs, this study contained relatively few 
individuals and it is important to recognize that volunteer-based studies do not accurately 
reflect real-world situations present in sex-related criminal casework.   However, given 
the promising results demonstrating that vaginal drainage may be a viable collection 
method, further investigation into the persistence of seminal components in vaginal 
drainage is a worthwhile endeavor when vaginal swabs are not available or useful.  When 
a victim does not have a SAECK collected within the designated period of time following 
a sexual assault, vaginal drainage deposited onto the victim’s underwear following the 
incident or on subsequent pairs of underwear worn after the incident may be the only 
evidence available for analysis.    
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